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INTRODUCTION
The evolutionary most successful woody plants, in 
terms of species richness, can be found amongst tropical 
trees. Among extant woody plants, several genera of tropi-
cal trees show taxonomic diversification beyond compari-
son. In the New World tropics, for example, some genera 
proliferated into very large groups of 200–350 species, as 
exemplified by Inga Mill. (ca. 300 spp.; Richardson & al., 
2001) and Ocotea Aubl. (ca. 300 spp.; Madriñán, 2004; but 
see Rohwer, 2005). The Neotropical genus Guatteria Ruiz 
& Pav. represents with ca. 265 species approximately 10% 
of the species diversity within the family of Annonaceae 
(Chatrou & al., 2004). Together with Inga and Ocotea it is 
amongst the largest woody Neotropical genera. The genus 
is distributed throughout Mesoamerica, South America 
and the Caribbean Islands, and occurs mainly in lowland 
(rain)forests but some species can be found at elevations 
of over 2000 m in Andean forests.
Because of their large numbers of species, ecologi-
cal importance and widespread distribution, these gen-
era potentially provide important cases for the study of 
speciation processes (Richardson & al., 2001). Also key 
innovations that promoted diversification and biogeo-
graphic patterns can be investigated (Chanderbali & al., 
2001). However, their use in such studies is often impeded 
because of problems concerning taxonomy and classi-
fication. In Inga, for example, neither morphology nor 
anatomy contributes to a clear infrageneric classification 
(Pennington, 1997). As a result, sectional subdivision of 
Inga is highly artificial and section limits are blurred with 
intermediates being present between sections.
The infrageneric classification of Guatteria is prob-
lematic as well. Ruiz and Pavón described the genus as 
early as 1794; since then, many species have been described 
but the last and only revision dates back to Fries (1939) who 
initially recognised 30 sections. Due to the availability of 
many new collections, the infrageneric classification was 
subsequently revised (Fries, 1955b, 1959) with the genus 
being divided into two subgenera, and only 22 sections, 
some with new circumscriptions. Unfortunately, most sec-
tions were based on few (macro)morphological characters 
which are often difficult to interpret, such as petal shape, 
indument of the prolonged stamen connective and shape of 
the monocarps. For some sections the delimiting characters 
are not clear at all (e.g., section Chasmantha).
Van Heusden (1992) noted the very uniform flowers 
of the genus and a similar uniformity was observed in 
the morphology of fruits and seeds (van Setten & Koek-
Noorman, 1992), and leaf anatomy (van Setten & Koek-
Noorman, 1986). In addition, as in Inga some variable 
features show continuous character state variation. As a 
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result, the identification of potentially useful taxonomic 
and phylogenetic characters has been hampered. To date, 
Guatteria is the only major genus of Neotropical Annon-
aceae awaiting revision.
Based on morphological characters, Guatteria be-
longs to Fries’ Guatteria group (Fries, 1939, 1959) con-
sisting of four genera: Guatteria (Fig. 1A), Guatteriopsis 
(Fig. 1B), Guatteriella (Fig. 1C), and Heteropetalum (Fig. 
1D). Guatteria is easily recognised by a combination of 
an impressed primary vein on the upper side of the leaf, 
valvate sepals, almost always imbricate petals, numer-
ous carpels (with a single basal ovule), and a pedicel 
Fig. 1. Representatives of the Guatteria group. A, flowering branch of Guatteria sp. (Maas & al. 8270, U); B, flowering branch 
of Guatteriopsis blepharophylla (Harley & al. 10962); inset shows close up of flower at anthesis and flower bud (Maas & al. 
8365, U); C, flowering branch of Guatteriella tomentosa (Cid & al. 9987, U; fruits of Cid & al. 8547, US); D, flowering branch 
of Heteropetalum spruceanum. Photo credits: A and B, P.J.M. Maas; C, R.H.J. Erkens; D, D.W. Stevenson.
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with a distinct suprabasal articulation. Guatteriopsis 
(Fries, 1934) is made up of five species: G. blepharo-
phylla (Amazonian Brazil, Peru, Guyana, Amazonian 
Ecuador, and Venezuela), G. friesiana (Amazonian Brazil 
and Amazonian Colombia), G. hispida (Amazonian Bra-
zil), G. kuhlmannii (Amazonian Brazil), and G. ramiflora 
(Amazonian Peru). It is distinguishable from Guatteria 
by the presence of valvate petal whorls (non-overlapping) 
instead of imbricate ones (overlapping). Guatteriella 
(Fries, 1939) consists of only two species: G. campinen-
sis (Amazonian Brazil), and G. tomentosa (Amazonian 
Brazil and Amazonian Colombia). The genus is charac-
terised by laterally flattened (hairy) monocarps, thick and 
densely hairy, brownish yellow petals, and a percurrent 
straight tertiary venation. Fries (1939) and Morawetz & 
Maas (1984) mention the possible intermediate position of 
Guatteriella between Guatteria and Guatteriopsis. The 
fourth genus in the Guatteria group is Heteropetalum 
(Fries, 1930) made up of two species (H. brasiliense and 
H. spruceanum, both from Amazonian Brazil, south-
ern Venezuela and southern Colombia). Heteropetalum 
differs from Guatteria by way of greatly reduced outer 
petals (becoming almost sepal-like).
The close affinity between the genera of the Guatte-
ria group has been suggested by many authors after Fries 
(1939, 1943, 1959) on the basis of leaf anatomy (van Setten 
& Koek-Noorman, 1986), flower anatomy (van Heusden, 
1992), fruit and seed morphology (van Setten & Koek-
Noorman, 1992), unusual chromosome differentiation and 
cuticular folding patterns (Morawetz & Waha, 1985), a 
distinct pollen type (Walker, 1971; Morawetz & Waha, 
1985), and oil composition analysis (Maia & al., 2005). 
This close affinity was corroborated in a phylogenetic 
study based on rbcL sequences (Bygrave, 2000). However, 
the exact phylogenetic relationships among these genera 
have never been established. 
The constituent genera of the Guatteria group are 
morphologically highly similar. Nonetheless, since they 
differ in a small number of conspicuous characters, they 
have been given generic status. At the infrageneric level 
the nondescript morphology of Guatteria is reflected by 
the fact that some highly uniform groups of species each 
have been given the status of section. The question is how 
this can be interpreted in a phylogenetic context. Several 
analyses of phylogenetic relationships among large genera 
and their putative satellite genera, and among sections 
within large genera, have been published in recent years 
(e.g., Schneeweiss & al., 2004; Schneider & al., 2004; 
Simões & al., 2004; Wang & al., 2005). These studies 
enable revision of the classification, such that only mono-
phyletic groups are recognised and named. Futhermore, 
monophyletic groups are defined for biogeographical 
analysis or analysis of character evolution, which is im-
portant as analysing paraphyletic clades compromises 
evolutionary integrity (de Queiroz, 1988) and leads to 
arbitrary results.
The present paper has four main objectives: (1) recon-
struction of phylogenetic relationships within Guatteria ; 
(2) reconstruction of phylogenetic relationships between 
Guatteria and its satellite genera; (3) implications of 
these phylogenetic relationships for current infrageneric 
(sectional) classification; and (4) implications of these 
phylogenetic relationships for character evolution, in par-
ticular gross morphology and wood anatomy. The latter 
approach allows optimisation of morphological characters 
onto a phylogeny, and analysis of whether the significant 
divergence of Guatteria is attributable to the origin of 
some characters. In such a scenario, the satellite genera 
may have diverged before the set of synapomorphies that 
defines Guatteria evolved. Alternatively, the satellite gen-
era may be nested within Guatteria, in which case the 
small genera represent the origin of some morphological 
autapomorphies.
MATERIALS AND METHODS
Plant material and taxon selection. — This study 
uses sequence data of 145 Guatteria (Fig. 1A) accessions 
obtained from silica dried material or herbarium sheets 
(voucher information in the Appendix). Of the 265 species, 
102 were sampled (ca. 40%; good quality leaf material was 
not available for other species) and of 21 species duplicate 
accessions were included to check for correspondence 
between sequences. Eleven unidentified specimens were 
included because of some noticeable characters (e.g., the 
undescribed Guatteria sp. #5 is a liana from Peru, and 
only the second liana species besides G. scandens) and 
7 “aff.” or “cf.” specimens were used because no more 
accurately identified specimens were available. Samples 
were taken throughout the distributional range of the ge-
nus, representing both subgenera and 20 out of 22 sections 
as described by Fries (1959). Monotypic sections Dimor-
phopetalum (G. dimorphopetala) and Cordylocarpus (G. 
clavigera) were not sampled due to unavailability of mate-
rial. As many as 23 type specimens, several belonging to 
species complexes, were sequenced in order to determine 
the closest affinity of several unidentified specimens fall-
ing within such complexes.
Of the satellite genera Guatteriopsis, Guatteriella 
and Heteropetalum (Fig. 1) generally only herbarium 
material was available (exceptions being one collection 
of Guatteriopsis hispida and one of G. ramiflora). For 
Guatteriopsis all five species could be included in this 
study (G. blepharophylla, G. friesiana, G. hispida, G. 
kuhlmannii, G. ramiflora). For Guatteriella, only G. to-
mentosa could be included and for Heteropetalum only 
H. spruceanum. 
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Genomic DNA extraction, PCR amplification 
and sequencing. — Total genomic DNA from fresh 
silica-dried leaves and herbarium specimens was extracted 
using a modified CTAB method (Doyle & Doyle, 1987; 
Erkens, 2007). For all accessions the matK, rbcL, trnL-
trnF and psbA-trnH plastid DNA regions were sequenced, 
with the exception of some accessions for which no or 
only partial sequences of certain regions were obtained 
(indicated in the Appendix).
The matK gene was amplified and sequenced using 
primers 390F and 1326R (Cuénoud & al., 2002), 390F-2 
(Erkens & al., 2007) and the internal MintF and MintR 
(Pirie & al., 2005). For rbcL the primers 1F/724R (Olmstead 
& al., 1992), 636F/1460R (Fay & al., 1997, 1998) and 217F, 
922F, 536R and 1104R (Pirie & al., 2005) were used. The 
trnL-trnF region was amplified and sequenced using prim-
ers c, d, e and f (Taberlet & al., 1991). Finally, the psbA-trnH 
intergenic spacer was amplified and sequenced with prim-
ers psbA and trnH (Hamilton, 1999). Nuclear markers, such 
as ITS or ncpGS, have proven to be difficult to amplify 
in Annonaceae or homology of the obtained sequences 
could not unambiguously be established. Therefore, a 
nuclear marker was not available as an addition to the 
plastid markers used in this study.
Generally, a standard PCR protocol (35 cycles; 30 
sec.: 94°C, 30 sec.: 53°C, 1 min.: 72°C, with an initial 5 
min.: 94°C and final 10 min.: 72°C) was used and 0.4% 
BSA was added to the mixes. PCR products were puri-
fied using the QIAquick PCR purification kit (Qiagen) 
and cycle-sequenced with DYE-ET (Amersham) or BIG-
DYE terminators (Applied Biosystems) and run on an ABI 
3730XL automated DNA sequencer.
Phylogenetic analyses. — Outgroups were chosen 
on the basis of analyses by Richardson & al. (2004). Erkens 
& al. (2007) compiled a matrix containing 43 Guatteria 
accessions plus 17 outgroups (representing all putative 
larger clades in the genus and the family) and sequence 
data from five plastid markers (matK, rbcL, trnT-trnL, trnL-
trnF and psbA-trnH). Phylogenetic analysis of this matrix 
resulted in 41,968 most parsimonious trees (Erkens & al., 
2007). The strict consensus of these trees contained only 
nodes supported by bootstrap and Bayesian analyses. This 
consensus tree was then used as a backbone constraint (as 
implemented in PAUP*) in the parsimony analysis of the 
larger matrix in this study, with 145 Guatteria accessions 
but only four plastid regions. This backbone constraint 
assured that all supported nodes from the analysis with 
more data (Erkens & al., 2007) were also recovered in the 
analyses done here with less data but more taxa.
Most-parsimonious trees were generated from 10,000 
replicates of random taxon addition and swapped using 
tree bisection-reconnection (TBR), equal weights and 
a maximum of 10 trees held at each step, using PAUP* 
4.0b10 (Swofford, 2000). A bootstrap analysis (Felsenstein, 
1985) of 10,000 replicates with “full” heuristic searches 
was performed using 10 random addition sequences with 
equal weights, TBR swapping, saving a maximum of 5 
trees at each replicate. Bootstrap support of 50%–74% is 
considered to represent weak support, 75%–89% moder-
ate support and 90%–100% strong support.
The data were also analysed with Bayesian inference 
using MrBayes version 3.1.1 (Huelsenbeck & Ronquist, 
2001; Ronquist & Huelsenbeck, 2003) analyses were run 
for 2,500,000 generations with four simultaneous Monte 
Carlo Markov Chains, and one tree sampled per 100 gener-
ations. Parameters for the general DNA substitution model 
(GTR with gamma-distributed rate variation across sites) 
for the separate partitions were estimated by MrBayes. All 
partitions were allowed to have their unique model and the 
overall evolutionary rate was allowed to be (potentially) 
different across partitions. Only parsimony informative 
characters were coded as indels and MrBayes was informed 
of this coding bias in order to calculate the probability of 
the data correctly (using the “lset coding  =  informative” 
option). The backbone constraint used in the parsimony 
analysis was not applied in this analysis.
Wood anatomical data. — Much information is 
available on the Guatteria group, such as data on flower 
anatomy (van Heusden, 1992), fruit and seed morphol-
ogy (van Setten & Koek-Noorman, 1992), karyology and 
cuticular folding patterns (Morawetz & Waha, 1985), 
pollen (Walker, 1971; Morawetz & Waha, 1985), and oil 
composition (Maia & al., 2005). Data on wood anatomy of 
the Guatteria group are sparse. Although wood anatomy 
of Annonaceae is generally homogeneous, Guatteria can 
be recognised on the basis of a combination of wood ana-
tomical features (Westra & Koek-Noorman, 2003). In the 
light of the homogeneity in the family, wood anatomical 
differences between the genera of the Guatteria group 
are important additional data. For the wood anatomical 
part of this study 17 species of Guatteria were studied 
(representing different clades in Fig. 2; see also Table 1) 
and one species of Guatteriopsis, Guatteriella and Hetero-
petalum each (Table 1). All wood samples were obtained 
from the Wood Collection of the National Herbarium of 
the Netherlands, Utrecht University Branch (U). All sam-
ples are documented by herbarium vouchers identified by 
specialists. The wood sections were prepared according to 
standard techniques and stained with saffranin. Terminol-
ogy is according to the List of Microscopic Features for 
Hardwood Identification (IAWA Committee, 1989).
RESULTS
Phylogenetic relationships. — Phylogenetic analy-
sis resulted in 41,610 most parsimonious trees of 1180 
steps, with a consistency index (CI) of 0.71 and retention 
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index (RI) of 0.86. One of the most parsimonious trees is 
shown in Fig. 2. Sequence variation is almost limited to 
basal branches in Guatteria with very little or no varia-
tion among members of the large South American Clade 
(SAC). This results in generally weakly or unsupported 
clades, except for the basal part of the cladogram.
Guatteria, including its smaller satellite genera, is a 
well supported monophyletic group with bootstrap sup-
port (BS) of 100% and a posterior probability (PP) of 1.0 
and is subtended by a long branch of 74 substitutions. The 
most basal lineage and sister to the rest of the genus is 
Guatteria anomala. The genus Heteropetalum (BS 91%, 
PP 1.0), species of Guatteria section Chasmantha sensu 
Fries (1959; BS 97%, PP 1.0), and the remaining species 
(BS 57%, PP 0.89) appear as a polytomy. Guatteria blai-
nii, a species from the Caribbean Islands and part of sect. 
Dolichocarpus, does not appear as monophyletic; one of 
the accessions forms a separate lineage (BS 99%, PP 1.0) 
with Guatteria moralesii (BS 98%, PP 1.0). Next to sev-
eral species pairs or trinities of species, only few other 
terminal clades receive BS > 50%. Most of the species 
of Guatteria sect. Mecocarpus form a weakly bootstrap 
supported clade but this relationship is strongly supported 
by the Bayesian analysis (BS 70%, PP 0.96). The mono-
typic sect. Megalophyllum and representatives of sect. 
Stenocarpus are nested within sect. Mecocarpus. A clade 
that shows much sequence variation and thus long inter-
nal branches is the so called Long Branch Clade (LBC; 
Fig. 3). It consists of morphologically very different spe-
cies and contains accessions from ten different sections. 
The inclusion of Guatteria burchellii is not supported 
and the inclusion of G. juruensis only with 61% BS (and 
unsupported by PP). Their position is therefore doubtful. 
The remainder of the species form a moderately supported 
monophyletic group (BS 87%, PP 0.75).
Guatteriopsis is nested within Guatteria. However, 
the species included in this genus do not seem to be mono-
phyletic, although monophyly cannot be refuted defini-
tively given lack of support values for the nodes separating 
the three clades. The genus separates into three lineages: 
(1) Guatteriopsis blepharophylla with G. hispida (BS 
58%, PP 0.96); (2) G. friesiana with G. kuhlmanii (BS 
62%, PP 1.0); and (3) two accessions of G. ramiflora (BS 
61%, PP 0.71). 
Guatteriella is also nested within Guatteria. It is sis-
ter to a clade containing four species of Guatteria but this 
relationship is not supported.
The unconstrained and independent Bayesian analysis 
corroborates the result found by the bootstrap analysis and 
the resulting tree is therefore not shown. This result shows 
that the applied backbone constraint did not produce a 
different estimate of the phylogenetic tree. BS and PP are 
in general of comparable magnitude for early diverging 
lineages and clades near the terminals. BS is moderate, 
weak or absent for most nodes in the backbone of the tree, 
although PP show moderate to even strong support. This 
can most clearly be seen in the SAC where some branches 
collapse in the strict consensus of the parsimony analysis, 
but receive support in the Bayesian analysis.
Wood anatomy of Guatteria s.l. — In most Guat-
teria species studied here, vessels are large, up to 150–300 
μm (Table 1). Often, a predominance of solitary vessels is 
found. There are few multiseriate rays, up to 10 cells wide, 
often no more than 1–3 per mm; uniseriate rays are scanty 
or absent. Parenchyma bands, 1–3 cells wide and up to 12 
per mm, are often conspicuous as the adjacent fibres have 
a relatively wide lumen. Besides, careful observation of 
very smooth end grain surfaces will reveal narrow rings 
of vasicentric parenchyma around the vessels.
In one of the climbing species in this study, Guatteria 
scandens, a more or less gradual transition from narrower 
to wide vessels is found when going away from the cen-
tre. This ultimately leads to tangential parenchyma bands 
becoming indistinct, although they remain present. As a 
result, the characteristic “annonaceous” wood pattern is 
therefore obvious only in the central part of the stem of 
this climber, but becomes slightly disrupted toward the 
periphery.
In Heteropetalum paratracheal parenchyma is re-
stricted to a few strands: showing in cross section as an in-
complete vasicentric sheath, or rarely a vasicentric sheath 
of one cell wide at most. Fibres are extremely thin-walled. 
Rays are up to 5 cells wide. Vessels are few: 0–10 per 
mm2, and at the same time extremely narrow (80–100 µm). 
This combination of few, narrow vessels and thin-walled 
fibres may be due to the very wet habitat conditions of 
the Heteropetalum species.
DISCUSSION
Monophyly. — To test for monophyly of a genus a 
large taxon sampling is important (Barraclough & Nee, 
2001). So far, generic relationships in the Guatteria-group 
were tested using only one representative per genus. 
Bygrave (2000) recovered a sister group relationship be-
tween two accessions of Guatteria and Guatteriopsis, 
which were the only genera sampled in his phylogenetic 
study based on rbcL sequence data. He (1999) retrieved 
a monophyletic group comprising all four genera, in an 
analysis of morphological characters scored at the ge-
nus level. Although showing their alliance, the latter two 
studies did not contribute to our understanding of the re-
lationships between Guatteria and its satellite genera.
Guatteria is a well supported monophyletic genus 
(Fig. 2), as was found in previous phylogenetic studies 
with lower taxon sampling (Richardson & al., 2004; Pirie 
& al., 2005; Erkens & al., 2007). Furthermore, Guatte-
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Guatteriopsis ramiflora #1
Guatteriopsis ramiflora #2
G. foliosa
G. anthracina
G. aff. hyposericea
G. cf. lasiocalyx #1
G. polyantha
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G. punctata
G. boliviana #1
G. boliviana #2
G. poeppigiana
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G. sp. 5 (liana)
G. sp. 1
G. tomentosa #2
G. aff. tomentosa
G. jefensis #1
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G. sp. 8
G. dolichopoda #1
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G. dolichopoda #2
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G. sp. 12
G. cf. hilariana
G. hilariana var. verruculosa
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Fig. 2. One of 41,610 most parsimonious trees from an analysis based on plastid matK, trnLF, rbcL, and psbA-trnH sequenc-
es. Branch lengths are shown above the branches, bootstrap percentages and Bayesian posterior probabilities below (the 
Bayesian analysis yielded the same tree and is not shown). Arrowheads mark branches that collapsed in the strict consensus 
of all trees. Sections discussed in text are indicated before the species names, symbols indicate sect. Austroguatteria (#), 
Cephalocarpus (o), Chasmantha (■), Dichrophyllum (@), Dolichocarpus (●), Leiophyllum (▲), Mecocarpus (), Megalophyl-
lum (\), Stenocarpus (/) or Stigmatophyllum (!), and subg. Anomalantha (~). Clade names are those referred to in the text.
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G. amplifolia
G. diospyroides
G. latifolia
G. glabrescens
G. maypurensis
G. scandens
G. subsessilis
G. citriodora
G. curvinervia
G. rupestris
G. juruensis
G. burchellii
Guatteriopsis blepharophylla #1
Guatteriopsis blepharophylla #2
Guatteriopsis hispida
G. galeottiana
G. notabilis #1
G. notabilis #2
G. brevicuspis #2
G. brevicuspis #1
Guatteriopsis friesiana
Guatteriopsis kuhlmannii
G. decurrens
G. sp. 3
G. multivenia
G. sp. 4
G. inundata
G. riparia
G. excellens
G. guianensis
G. cf. meliodora
G. megalophylla
G. wachenheimii
G. heterotricha
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riopsis, Guatteriella, and Heteropetalum are all nested 
within Guatteria, the four genera together comprising 
a monophyletic assemblage subtended by a long branch 
of 74 substitutions. This long branch raises the issue of 
possible incomplete taxon sampling. Based on Richardson 
& al. (2004) and further taxon sampling (Chatrou & al., 
unpubl. data), however, no taxa were found that could 
break up this branch. This unambiguously confirms the 
earlier hypothesised, morphology-based, close relation-
ship between these genera. 
Guatteriopsis. — Guatteriopsis is well nested within 
Guatteria (Fig. 2) and generic status is therefore unjusti-
fied (as was already suggested by Morawetz & Waha, 
1985; van Heusden, 1992). This conclusion is further sup-
ported by recent oil composition analysis (Maia & al., 
2005) and wood anatomical characters (see below).
Regardless of the phylogenetic position of Guatte-
riopsis (as distinct lineage or nested within Guatteria), 
monophyly of the species was expected on the basis of 
morphological characters. However, this expectation 
could neither be confirmed nor refuted. Three separate 
lineages were resolved: (1) Guatteriopsis blepharophylla 
with G. hispida ; (2) G. friesiana with G. kuhlmanii ; and 
(3) G. ramiflora. Although BS and PP values are low, no 
single analysis (or data partition) yielded a monophyletic 
Guatteriopsis-clade. 
   Continued from  ► opposite page
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Guatteriopsis blepharophylla and G. hispida were 
described first and possess the synapomorphies that de-
fine the genus: flowers on short pedicels, valvate petals 
and an articulation nearer to the flower when compared 
to Guatteria. Guatteriopsis friesiana and G. kuhlmanii 
were added and both have rounded to cordate leaf bases 
separating them from G. blepharophylla and G. hispida. 
Furthermore, flower morphology of G. friesiana is ab-
errant from that in other species of Guatteriopsis (this 
is not the case for G. kuhlmanii ). Lastly, as stated in 
the original description (Simpson, 1982) Guatteriopsis 
ramiflora “[…] differs markedly from the other species 
in the genus […]”. Indeed, on the basis of the three above 
mentioned flower characteristics this species has erro-
neously been described in Guatteriopsis : the petals are 
imbricate, the pedicel is 2.5–4 cm long (in Guatteriopsis 
<  1 cm) and the articulation is suprabasal. Therefore, this 
species should not have been described as Guatteriopsis 
and monophyly with the other species of Guatteriopsis is 
not expected. If the other four species are a monophyletic 
group, Guatteriopsis would at best represent a section of 
Guatteria.
More data is needed for definitive conclusions about 
the phylogenetic position of the members of Guatteriopsis 
and their closest relatives. For instance, Guatteriopsis is 
said to be distinct by its valvate petals but in Guatte-
ria sect. Megalophyllum intermediate specimens were 
found between Guatteria and Guatteriopsis (van Heus-
den, 1992). On the basis of the results obtained, a close 
relationship to certain species of this section cannot be 
ruled out yet (see below). 
Guatteriella. — Only one out of two species of the 
rare and little known genus Guatteriella could be included 
in this study due to the lack of freshly collected material. 
Therefore, it is impossible to investigate the monophyly 
of this genus. On the basis of morphology, however, (i.e., 
the laterally flattened, hairy monocarps, thick and densely 
hairy, brownish yellow petals, and the percurrent straight 
tertiary leaf venation) monophyly would be expected. As 
Guatteriella tomentosa is nested within Guatteria, Guat-
teriella should not be maintained as a separate genus. 
More sequence data, and the sampling of G. campinensis, 
is needed to determine its closest relatives and to estab-
lish if Guatteriella should be treated as a separate section 
within Guatteria.
On the basis of the slightly imbricate inner petals 
(outer ones valvate) of Guatteriella, it has been suggested 
that the genus holds an “intermediate position” between 
Guatteriopsis (valvate petals) and Guatteria (imbricate 
petals; Fries, 1939; Morawetz & Maas, 1984). Apart from 
the ambiguous meaning of “intermediate” in a phyloge-
netic context, it can be concluded that the current (unsup-
ported) placement of Guatteriella rules out such a hypoth-
esis with respect to floral character evolution (Fig. 2).G.
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G. aff. hyposericea
G. liesneri #1
G. cf. lasiocalyx #1
Guatteriopsis ramiflora 1
Guatteriopsis ramiflora 2
G. foliosa
G. anthracina
G. polyantha
G. gracilipes
G. ucayaliana
G. liesneri
G. recurvisepala
G. schunkevigoi
G. stipitata
G. sp. 7
G. sp. 9
G. scytophylla
G. ovalifolia
G. punctata
G. boliviana #1
G. boliviana #2
G. poeppigiana
G. sabelutorum
G. elata
G. olivacea
G. saffordiana
G. sp. 5 (liana)
G. sp. 1
G. tomentosa #2
G. aff tomentosa
G. jefensis #1
G. jefensis #2
G. inuncta
G. sp. 8
G. alutacea
G. tonduzii
G. dolichopoda #2
G. dolichopoda #1
G. rigidipes
G. cf. lasiocalyx #2
G. sp. 12
G. cf. hilariana
G. hilariana var. verruculosa
G. neglecta
G. parvifolia #1
G. parvifolia #2
G. dusenii
G. polycarpa
G. pohliana
G. villosissima
G. sordida var. lancifolia
G. sordida var. ovalis
G. aff. australis
G. oligocarpa
G. aff. sellowiana
G. schlechtendaliana
G. reflexa
G. schomburgkiana #1
G. schomburgkiana #2
G. schomburgkiana #3
G. sessilis
G. parensis
G. ferruginea
G. pogonopus
G. cf. candolleana
G. discolor
G. dumetorum #1
G. dumetorum #2
G. sessilicarpa #1
G. sessilicarpa #2
G. lehmanii
G. puncticulata
G. aberrans
G. modesta
G. rigida
G. velezii
G. ecuadorensis
G. latisepala
G. sp. 10
G. venezuelana #1
G. venezuelana #2
G. venezuelana #3
G. tomentosa #1
G. trichoclonia
G. aff. atra
G. ouregou
G. mexiae
G. pubens
G. macropus
G. salicifolia
G. pilosula
G. sp. 8
G. brevipedicellata
Guatteriopsis blepharophylla #1
Guatteriopsis blepharophylla #2
Guatteriopsis hispida
G. notabilis #1
G. notabilis #2
G. galeottiana
G. brevicuspis #2
G. brevicuspis #1
Guatteriopsis friesiana
Guatteriopsis kuhlmannii
G. amplifolia
G. diospyroides
G. latifolia
G. glabrescens
G. maypurensis
G. scandens
G. subsessilis
G. citriodora
G. curvinervia
G. rupestris
G. juruensis
G. burchellii
G. wachenheimii
G. decurrens
G. sp. 3
G. multivenia
G. sp. 4
G. inundata
G. riparia
G. guianensis
G. cf. meliodora
G. excellens
G. megalophylla
G. heterotricha
G. rotundata
G. caribaea
Guatteriella tomentosa
G. verruculosa
G. blainii #2
G. moralesii
G. blainii #1
G. allenii #1
G. talamancana
G. oliviformis
G. allenii #2
G. zamorae
G. rostrata
G. chiriquiensis
G. pudica
G. alata
G. pacifica #1
G. pittieri
G. sphaerantha
G. alta
G. elegantissima
G. pacifica #2
G. aeruginosa
G. sp. 2
Heteropetalum spruceanum #1
Heteropetalum spruceanum #2
G. anomala
Duguetia hadrantha
Duguetia sooretamae
Fusaea peruviana
Letestudoxa bella
Artabotrys hexapetalus
Xylopia peruviana
Annona muricata
Klarobelia inundata
Mosannona costaricensis
Monocarpia euneura
Sapranthus viridiflorus
Annickia chlorantha
5 changes
Long  
Branch 
Clade
Fig. 3. Phylogram of the tree in Fig. 2. The position of the Long 
Branch Clade is indicated. 
Continued  ►
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Heteropetalum. — Heteropetalum is nested in the 
so-called Central American Grade (CAG), a grade that so 
far accommodated only species from Central America, 
the Caribbean and some species from west of the Andes in 
Colombia (Erkens & al., 2007). It is the only Neotropical 
Annonaceae genus with outer petals as small as the sepals 
(van Heusden, 1992). Only one out of two species was 
included in this study but this might not pose a problem 
with regard to monophyly. Heteropetalum brasiliense and 
H. spruceanum are very closely related (Fries, 1959) and it 
may be more correct to unite them into one species (as was 
for instance preliminary done by Steyermark & Berry, 
1995). Because of the similar morphology of the two Het-
eropetalum species and their aberrant flower morphol-
ogy, it is reasonable to expect that H. brasiliense forms 
a clade with H. spruceanum. Guatteria dimorphopetala 
also shows greatly reduced outer petals and is therefore 
placed in the monotypic section Dimorphopetalum. The 
relationship between G. dimorphopetala and Heteropeta-
lum is unknown because the former is not included in this 
study. However, no close relationship is expected because 
the flower morphology of G. dimorphopetala is different 
and it does not have the typical Heteropetalum ecology 
(occurrence in inundated regions), which is otherwise rare 
in Guatteria.
In view of its phylogenetic position and its aberrant 
morphology, it is proposed here to recognise Heteropeta-
lum at the subgeneric level in Guatteria. 
Guatteria anomala : the monotypic subgenus 
Anomalantha. — In his addition to the Guatteria revi-
sion, Fries (1955a) recognised two subgenera: Anomalan-
tha and Guatteria. Section Anomalantha is monotypic 
and only holds Guatteria anomala (sect. Guatteria con-
tains all other species in the genus). Guatteria anomala 
is found here to be the earliest branching lineage within 
Guatteria and sister to the rest of the genus (Fig. 2). The 
morphology of the monocarps of G. anomala clearly 
resembles that of the species in sect. Chasmantha (see 
below; Fries, 1939). However, based on its isolated phy-
logenetic position and anomalous morphological charac-
ters such as the terminal, branching inflorescence, wood 
anatomical characters (see below), and its much larger 
growth form (trees up to 60 m), it is phylogenetically well 
separated from the other species of Guatteria and rightly 
placed in a separate subgenus. 
On the basis of the aberrant morphology of Heterop-
etalum and Guatteria anomala, and their position in the 
tree in Fig. 2, it is expected that the set of synapomorphies 
that defines Guatteria (e.g., the characters used for the ge-
neric circumscription) only developed after the split from 
Heteropetalum and G. anomala. To further support this 
hypothesis more molecular data would be needed. How-
ever, in its wood anatomy, Heteropetalum differs from 
Guatteria and the great majority of Annonaceae, amongst 
others because of the lack of vasicentric parenchyma. One 
could hypothesise that G. anomala might also possess 
different wood anatomical characters in comparison to 
the other Guatteria species. This would be anatomical evi-
dence to support the thesis that the set of synapomorphies 
that defines Guatteria indeed evolved after the divergence 
of G. anomala and Heteropetalum. 
Wood anatomy of Guatteria s.l. — The wood of 
the genus Guatteria conforms to the general pattern of 
Annonaceae (Metcalfe & Chalk, 1987; Koek-Noorman 
& Westra, in prep.). The highly homogeneous family of 
Annonaceae is easily recognised by the cobweb-like 
pattern in transverse section, formed by rays and paren-
chyma. The often wide rays consist of procumbent cells 
with 1–4 rows of marginal cells, the apotracheal paren-
chyma is arranged in regular, narrow, 1(–3) cells wide 
bands. When using these characters, consultation of the 
website Inside Wood (InsideWood, 2004-onwards) results 
in a list of mainly Annonaceae together with only few 
other genera. Adding a few more characters which can 
easily be seen with a hand lens, such as the number and 
diameter of the vessels, will reduce the number of alterna-
tives even further (Westra & Koek-Noorman, 2003).
The high homogeneity of wood-anatomical features 
makes it difficult or even impossible to recognise most 
genera of the family. However, Guatteria, though not 
showing unique character states, seems to stand out as 
one of the few large genera that can be recognised on the 
base of a combination of characters. The narrow, complete 
rings of vasicentric parenchyma around the vessels in 
particular, found in all species of Guatteria but G. anom-
ala (Table 1), are rather uncommon in Annonaceae. If 
present, paratracheal parenchyma is mostly restricted to 
few strands or incomplete rings. This was found in An-
nonaceae in some genera of the basal Canangoids (e.g., 
Cananga, Cyathocalyx, Tetrameranthus) and few spe-
cies of other genera, among which Mezzettia (Metcalfe 
& Chalk, 1987; Koek-Noorman & Westra, in prep.). The 
small satellite genera Guatteriella and Guatteriopsis 
show vasicentric rings as well. In all other characters, 
their wood anatomical structure falls within the varia-
tion shown by Guatteria. Their phylogenetic position, 
nested within Guatteria, therefore is also supported by 
their wood anatomy.
In contrast to that of Guatteria, paratracheal paren-
chyma in Heteropetalum is found as incomplete rings, 
or few strands. In Fig. 2, Heteropetalum is found near 
Guatteria anomala at the base of a grade accommodat-
ing the majority of Guatteria species, Guatteriopsis and 
Guatteriella. In Guatteria anomala, vessels are no more 
than 60–80 µm wide, ca. 20 per mm2, mostly arranged 
in multiples or clusters of 2–5(–8) cells. Paratracheal pa-
renchyma is absent, or restricted to a few strands only. 
Complete vasicentric sheaths were not observed. 
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These character states, although not typical for the 
Guatteria clade, are very common for the family as a 
whole. Thus, the occurrence of these character states in 
Guatteria anomala as well as Heteropetalum seems to 
suggest an intermediate position of both between Guat-
teria and the other Annonaceae. This supports their basal 
position in Fig. 2. It also suggests a more basal position of 
Heteropetalum with respect to the CAC (of which the spe-
cies posses vasicentric parenchyma; Table 1), a relation-
ship not supported by molecular data so far. With regard to 
gross morphological evolution, it therefore seems that the 
set of synapomorphies used to delimit the genus Guatteria 
evolved after the split of Guatteria anomala and Heterop-
etalum. Guatteria minus G. anomala and Heteropetalum 
will from hereon be referred to as Guatteria s.str.
Guatteria s.str.: subgen. Guatteria. — The species 
of Guatteria s.str. are placed in subgenus Guatteria and 
assigned to one of 22 sections (Fries, 1959). The use of in-
frageneric sections can be criticised especially when they 
are solely based on morphological similarities that might 
show high levels of homoplasy. In the last and only revi-
sion of Guatteria (1939), Fries stated that “Some of the 30 
mentioned sections are definitely not entirely natural” and 
his attempt to circumscribe sections should be considered 
provisional. Twenty years later he reduced the number of 
sections to 22, merging several ill defined ones (Fries, 
1959). Still, the infrageneric classification remained prob-
lematic because in many species, fruits and flowers re-
mained unknown. The cladogram obtained in this study 
does not allow for definite conclusions on the monophyly 
of all sections since many relationships are poorly or not 
supported. Nevertheless, it allows for evaluating some of 
the more basal clades which are well supported.
The remainder of this discussion will focus on the 
clades in Fig. 2, their congruence with currently accepted 
sections (Fries, 1959) and their putative morphological 
synapomorphies. 
The Central American Clade: sect. Chasmantha. 
— The Central American Clade coincides with what is 
described as section Chasmantha (Fries, 1959). It is not 
clear what the morphological synapomorphies of this sec-
tion are. As all species in this section occur in Central 
America (from Guatemala to Panama) and adjacent part 
of Colombia (west of the Andes) they were probably as-
cribed to this section based on their distribution rather 
than morphology. The section is monophyletic (Fig. 2) 
when Guatteria dumetorum and G. verruculosa are ex-
cluded. These species were apparently erroneously placed 
in sect. Chasmantha (Fries, 1950a, 1955a). They were 
included by their leaves being densely verrucose on both 
sides. Guatteria verruculosa is known from the Cordill-
era Central in Colombia and thus occurs at the border of 
the distribution of the other Colombian species in sect. 
Chasmantha. The current phylogenetic placement of this 
species is unsupported but it is clearly unrelated to other 
species in sect. Chasmantha. 
Guatteria blainii : sect. Dolichocarpus. — Guat-
teria blainii and G. moralesii form a separate clade (Fig. 
2), but the two accessions of the former species do not 
prove to be monophyletic. Guatteria blainii #2 from Cuba 
is sister to the type specimen of G. moralesii (also from 
Cuba). Both accessions have larger leaves and are trees. 
This clade is relatively divergent from the second acces-
sion of G. blainii from the Dominican Republic, which is 
small-leaved and a treelet. Cuban specimens of G. blainii 
should therefore be re-examined to investigate if these 
should be incorporated into G. moralesii.
All species from section Dolichocarpus are sampled 
in this study and Fig. 2 shows that this section is not a 
natural one. Fries (1959) distinguishes three groups, one 
consisting of Guatteria blainii with G. moralesii ; the sec-
ond of G. caribaea with G. rigida and G. lucens ; and the 
last solely comprising G. subsessilis. 
Guatteria caribaea, G. rigida, G. lucens, and G. sub-
sessilis are not at all related (Fig. 2) and the classification 
of these species into a single section is untenable. In this 
group of species, G. caribaea is the only one occurring on 
the Caribbean islands but it is not closely related to G. blai-
nii. In addition to clear morphological differences between 
these species, G. caribaea shares molecular synapomor-
phies with the South American species of Guatteria, while 
G. blainii shares molecular characters with the Central 
American ones. Guatteria caribaea is strongly supported 
as sister to G. heterotricha from Colombia (section Scle-
rophyllum) and G. rotundata (unplaced) from Panama. 
The latter two species only differ in a few morphological 
characters and further morphological study might reveal 
synapomorphies for these species with G. caribaea. Fur-
thermore, the unsupported phylogenetic position of G. 
verruculosa as sister to these three species (see above) 
might be morphologically supported by characters such 
as leaf shape and shortly stipitate monocarps. However, 
because only the type of G. verruculosa could be studied, 
no definite conclusions can be drawn yet. 
The phylogenetic position of G. rigida remains un-
clear but G. subsessilis is well nested within a moderately 
supported clade (see below).
Guatteria wachenheimii : sect. Leiophyllum. — 
Guatteria wachenheimii is positioned as a separate line-
age at the base of the SAC as part of a trichotomy (Fig. 
2). In the past it has been assigned to section Leiophyl-
lum, also comprising Guatteria scandens and G. con-
spicua (Fries, 1959). This section can safely be regarded 
as non-monophyletic. The sampled species (G. scandens, 
G. wachenheimii) are not closely related. The species 
were united in this section on the basis of having thick 
leaves and a marginal vein but no monocarps were seen. 
Therefore, at the time the affiliation of the species could 
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not unambiguously be assured. Now it is known that G. 
wachenheimii has shorter stipes and smaller monocarps 
than G. scandens and that the latter does not have a clear 
marginal vein. 
Guatteria conspicua (a tree) agrees in leaf type and 
flowers (especially the connective shield) with the liana-
species G. scandens (Fries, 1950b). Furthermore, it has 
flowers on the leafy twigs as well as on the trunk, as G. 
scandens. It shares short stipitate and smaller monocarps 
with G. wachenheimii but this character should be re-
garded with caution since several unrelated species also 
have similar sized monocarps. Based on gross morphol-
ogy, therefore, G. conspicua is expected to be more closely 
related to G. scandens than to the more morphologically 
divergent G. wachenheimii. 
Amazonian clade: sect. Mecocarpus s.l. — The 
second lineage of the trichotomy at the base of the SAC 
leads to a moderately (BS) to strongly (PP) supported 
clade containing species of mainly Amazonian distribu-
tion. The majority of species in this clade belong to sec-
tion Mecocarpus (Fries, 1939). Species of this section are 
easily recognisable by large (to very large) warty leaves in 
combination with oblong and short stiped monocarps and 
a marginal vein. Therefore, monophyly of all its species 
was expected. Surprisingly, this is not the case: section 
Mecocarpus was found to be polyphyletic. Our data in-
dicate that two accessions of Guatteria brevicuspis form 
a separate clade. Though still poorly supported, they are 
more closely related to Guatteriopsis than to the remain-
der of section Mecocarpus. It is unclear on the basis of 
which characters these two accessions can morphologi-
cally be separated from the rest of the species of section 
Mecocarpus. However, it is obvious that these specimens 
resemble Guatteriopsis blepharophylla on the basis of 
leaf and monocarp morphology (no flowers were seen). 
Only six out of 20 species of section Mecocarpus were 
included in this study and therefore no definitive conclu-
sions can be drawn. Taxon sampling should be increased 
in order to gain more insight in the evolution of this almost 
monophyletic section.
The monospecific section Megalophyllum is nested 
within section Mecocarpus and can only be distinguished 
from this section because the leaves of Guatteria mega-
lophylla lack warts; monocarp shape and stipe length are 
roughly the same. Section Megalophyllum could therefore 
best be united with the latter section into sect. Mecocarpus 
s.l. Some specimens from sect. Megalophyllum have been 
reported to be morphologically intermediate between this 
section and Guatteriopsis on the basis of flower characters 
(van Heusden, 1992). However, no phylogenetic relation-
ship seems to exist (Fig. 2) and the investigated characters 
might therefore be homoplasious.
The species of sect. Mecocarpus s.l. also form a 
monophyletic group with two species of sect. Stenocarpus 
(Guatteria inundata, G. riparia) and this section should 
therefore be submerged into sect. Mecocarpus (other un-
sampled species of sect. Stenocarpus should probably be 
synonymised with G. riparia or G. inundata). Character-
istic for the species of sect. Stenocarpus are the shortly 
stipitate, large fusiform monocarps, leaves with a clear 
marginal vein and their growth in inundated regions. 
Synapomorphies for the species in sect. Mecocarpus s.l. 
can therefore be found in the leaves with a clear marginal 
vein and the shortly stipitate monocarps. 
Long Branch Clade. — In comparison to other 
clades in the SAC this clade has longer internal branches 
(Fig. 3). It should be further investigated to determine its 
sistergroup, to elucidate the cause for the apparent higher 
rate of molecular evolution (Fig. 3) and to search for mor-
phological synapomorphies that link these morphologi-
cally very different species. The twelve species in this 
clade are assigned to ten different sections (Guatteria 
rupestris was never assigned to a section and G. amplifolia 
and G. diospyroides might be considered one species). 
The clade comprises some interesting species. Guatteria 
burchellii is cauliflorous, a rare state in Guatteria and G. 
scandens is the only described liana-species in the genus 
(and also cauliflorous). Guatteria amplifolia (including G. 
diospyroides) is the only non South American species in 
this clade and a recent invader of Central America (Erkens 
& al., 2007). 
The remainder of species in the SAC. — Most 
species of Guatteria s.str. are placed within the largely 
unresolved SAC (Fig. 2). Of the recovered clades some are 
only supported by PP values. It has already been shown 
that Bayesian statistics can overestimate support for par-
ticular nodes on a tree (Cummings & al., 2003; Simmons 
& al., 2004). On the other hand, it has been reported that 
Bayesian analysis can provide high support values for 
correct clades with fewer characters than needed for boot-
strap (Alfaro & al., 2003). Therefore, the clades supported 
only by PP might serve as focal points for further study. 
A small clade consisting of species from the Amazon 
basin and Guiana (Fig. 2; BS absent, PP 0.94) coincides 
with sect. Cephalocarpus. The section might be a natural 
one except that G. citriodora and G. stipitata fall outside. 
A clade with species from Southeast Brazil (Fig. 2; BS 
54%, PP 1.0) coincides with a part of sect. Austroguat-
teria. The two monotypic sections Dichrophyllum (G. 
discolor) and Stigmatophyllum (G. puncticulata) did not 
arise as distinct lineages (Fig. 2), thus so far not validating 
their monotypic section status. No clades were recovered 
that coincide with the remaining sections (Brachystemon, 
Guatteria, Leptophyllum, Macroguatteria, Oligocarpus, 
Pteropus, Sclerophyllum, Trichoclonia, Trichostemon).
Outlook — Several sorts of data are desirable for 
gaining further insight in the taxonomy of the genus. Data 
on seeds might be useful because seed structure seems 
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Alfaro, M.E., Zoller, S. & Lutzoni, F. 2003. Bayes or Boot-
strap? A simulation study comparing the performance of 
Bayesian Markov Chain Monte Carlo Sampling and Boot-
strapping in assessing phylogenetic confidence. Molec. 
Biol. Evol. 20: 255–266.
Barraclough, T.G. & Nee, S. 2001. Phylogenetics and speci-
ation. Trends Ecol. Evol. 16: 391–399.
Bygrave, P. 2000. Molecular Systematics of Annonaceae Juss. 
Dissertation, Botany department, School of Plant Sciences, 
The University of Reading, U.K.
quite variable. Furthermore, articulation architecture and 
the ratio between pedicel length below and above the ar-
ticulation might contain information. Ecological data such 
as pollinators, soil type and habitat information could 
also be useful. Lastly, the chemical composition of these 
plants appear to be quite variable and so might also be 
worthwhile looking at (e.g., Maia & al., 2005). In spite of 
its commonness, not much of this type of information is 
currently available on Guatteria.
The current study can be used as a framework for 
future research. Putative clades have been identified and 
therefore it is now possible to target each of those clades 
individually. Next to adding more sequence data, an im-
portant step is to increase taxon sampling by adding cru-
cial but so far unsampled species (Barraclough & Nee, 
2001), e.g., from sections Chasmantha and Mecocarpus. 
Fries’ sections and his phenomenal revision are an excel-
lent tool for that goal because although most of his sec-
tions are not natural, many of his species are. 
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Taxon, geography, voucher, rbcL, trnLF, matK, psbA-trnH
Annickia chlorantha (Oliv.) Setten & Maas, Gabon, Sosef, M.S.M. 1877 (WAG), AY841594, AY841671, AY841393, AY841442; 
Annona muricata L., cultivated in Utrecht University Botanic Garden (83GR00169), of Neotropical origin, Chatrou, L.W. 468 
(U), AY743440, AY743459, AY743478, AY841428; Artabotrys hexapetalus (L. f.) Bhandari, cultivated in Utrecht University 
Botanic Garden (94GR01614), originating from India, Chatrou, L.W. 470 (U), AY238953, AY231286 AY238946, AY238962, 
AY841429; Duguetia hadrantha (Diels) R.E. Fr., Peru, Chatrou, L.W. & al. 181 (U), AY738161, AY740573, AY740541, DQ125123; 
Duguetia sooretamae Maas, Brazil, Maas, P.J.M. & al. 8827 (U), AY738177, AY740589, AY740557, DQ861746; Fusaea peruviana 
R.E. Fr., Peru, Chatrou, L.W. & al. 179 (U), AY743445, AY743464, AY743483, AY841436; Klarobelia inundata Chatrou, Peru, 
Chatrou, L.W. & al. 205 (U), AY743452, AY743471, AY743490, AY841469; Letestudoxa bella Pellegr., Gabon, Wieringa, J.J. & 
Nzabi, T. 2797 (WAG), AY841629, AY841707, DQ125059, DQ125128; Monocarpia euneura Miq., Indonesia, Slik, F. 2931 (L), 
AY318998, AY319111, AY518865, AY841477; Mosannona costaricensis R.E. Fr., Costa Rica, Chatrou, L.W. & al. 90 (U), AY743510, 
AY743496, AY743503, AY841479; Sapranthus viridiflorus G.E. Schatz, Costa Rica, Chatrou, L.W. & al. 55 (U), AY319051, 
AY319165, AY743493, AY841515; Xylopia peruviana R.E. Fr., cultivated in Utrecht University Botanic Garden (84GR00271), 
originating from Peru, Chatrou, L.W. 483 (U), AY238958, AY231291 AY238951, AY238967, DQ125134; Guatteria aberrans 
Erkens & Maas, Panama, Maas, P.J.M. & al. 9570 (U!), DQ124987, DQ125045, DQ125111, DQ125227; Guatteria aeruginosa 
Standl., Costa Rica, Chatrou, L.W. & al. 66 (U), AY740958, AY741007, AY740909, DQ125136; Guatteria alata Maas & Setten, 
Panama, Mori, S.A. 2894 (U), AY740959, AY741008, AY740910, DQ125137; Guatteria allenii R.E. Fr. #1, Panama, Mori, S.A. 
2952 (U), AY740960, AY741009, AY740911, DQ125138; Guatteria allenii R.E. Fr. #2, Panama, Maas, P.J.M. & al. 9538 (U), 
DQ861791, DQ861843, DQ861697, DQ861747; Guatteria alta R.E. Fr., Colombia, Gentry, A.H. & Monsalve, M. 48250 (U), 
DQ124941, DQ124999, DQ125065, DQ125139; Guatteria alutacea Diels, Bolivia, Chatrou, L.W. & al. 339 (U), AY740961, 
AY741010, AY740912, DQ125140; Guatteria amplifolia Triana & Planch., Costa Rica, Chatrou, L.W. & al. 111 (U), DQ124942, 
DQ125000, DQ125066, DQ125141; Guatteria anomala R.E. Fr., Mexico, Ishiki, M. & al. 2233 (U), AY740962, AY741011, 
AY740913, AY841437; Guatteria anthracina Scharf & Maas, French Guiana, Scharf, U. 87 (U), DQ861792, DQ861844, DQ861698, 
DQ861748; Guatteria aff. atra Sandwith, Guyana, Gopaul, D. & Maas, P.J.M. 2791 (U), AY740963, AY741012, AY740914, 
DQ125142; Guatteria aff. australis A. St.-Hil., Brazil, Lobão, A.Q. & Fiaschi, P. 499 (U), AY740964, AY741013, AY740915, 
AY841438; Guatteria blainii (Griseb.) Urb. #1, Dominican Republic, Maas, P.J.M. 6443 (U), AY740965, AY741014, AY740916, 
DQ125143; Guatteria blainii (Griseb.) Urb. #2, Cuba, Rainer, H. 1620 (WU), DQ861793, DQ861845, DQ861699, – ; Guatteria 
boliviana H. Winkl., Peru, Pirie, M.D. & al. 120 (U), DQ861794, DQ861846, DQ861700, DQ861749; Guatteria boliviana H. 
Winkl., Bolivia, Solomon, J.C. 10789 (U), DQ124943, DQ125001, DQ125067, DQ125144; Guatteria brevicuspis R.E. Fr., Brazil, 
Prance, G.T. 16328 (U), AY740966, AY741015, AY740917, DQ125145; Guatteria brevicuspis R.E. Fr., Peru, Chatrou, L.W. & al. 
245 (U), DQ124983, DQ125041, DQ125107, DQ125223; Guatteria brevipedicellata R.E. Fr., Colombia, Lawrence, G.E. 771 (S!), 
DQ124944, DQ125002, DQ125068, DQ125146; Guatteria burchellii R.E. Fr., Brazil, Carvalho, A.M. de 661 (U), DQ861795, 
DQ861847, DQ861701, – ; Guatteria cf. candolleana Schltdl., Brazil, Harley, R.M. & al. 17360 (U), DQ124946, DQ125004, 
DQ125070, DQ125148; Guatteria caribaea Urb., Dominican Republic, Tuxill, J. 89 (U), AY740967, AY741016, AY740918, 
DQ125149; Guatteria chiriquiensis R.E. Fr., Costa Rica, Chatrou, L.W. & al. 43 (U), AY740968, AY741017, AY740919, DQ125150; 
Guatteria citriodora Ducke, Brazil, Ribeiro, J.E.L.S. 964 (U), DQ861796, DQ861848, DQ861702, – ; Guatteria curvinervia R.E. 
Fr., Brazil, Gottsberger, G.K. 11-15168 (U), DQ861797, DQ861849, – , – ; Guatteria decurrens R.E. Fr., Peru, Maas, P.J.M. 8314 
(U), DQ861798, DQ861850, DQ861703, – ; Guatteria diospyroides Baill., Costa Rica, Chatrou, L.W. & al. 84 (U), AY740969, 
AY741018, AY740920, DQ125152; Guatteria discolor R.E. Fr. aff., Brazil, Maas, P.J.M. & al. 9030 (U), AY740970, AY741019, 
AY740921, DQ125153; Guatteria dolichopoda Donn.Sm. #1, Costa Rica, Maas, P.J.M. & al. 9484 (U), DQ861800, DQ861852, 
DQ861704, DQ861751; Guatteria dolichopoda Donn.Sm. #2, Panama, Maas, P.J.M. & al. 9508 (U), DQ861801, DQ861853, 
DQ861705, DQ861752; Guatteria dumetorum R.E. Fr. #1, Panama, FLORPAN 2497 (U), AY740971, AY741020, AY740922, 
DQ125154; Guatteria dumetorum R.E. Fr. #2, Panama, Maas, P.J.M. & al. 9581 (U), DQ861799, DQ861851, – , DQ861750; Guat-
teria dusenii R.E. Fr., Brazil, Dusén, P. 13752 (S!), DQ124948, DQ125006, DQ125072, DQ125155; Guatteria ecuadorensis R.E. 
Fr., Ecuador, Mexia, Y. 711 (S!), DQ861802, DQ861854, DQ861706, DQ861753; Guatteria elata R.E. Fr., Peru, Chatrou, L.W. & 
al. 252 (U), AY740972, AY741021, AY740923, DQ125156; Guatteria elegantissima R.E. Fr., Colombia, Gentry, A.H. 56948 (U), 
AY740973, AY741022, AY740924, DQ125157; Guatteria excellens R.E. Fr., Peru, Díaz, P. & al. 85 (U), DQ861803, DQ861855, 
DQ861707, DQ861754; Guatteria ferruginea A. St.-Hil., Brazil, Lobão, A.Q. 643 (U), DQ124949, DQ125007, DQ125073, DQ125158; 
Guatteria foliosa Benth., Bolivia, Chatrou, L.W. & al. 325 (U), AY740974, AY741023, AY740925, DQ125159; Guatteria galeot-
tiana Baill., Mexico, Beaman, J.H. 6121 (U), DQ124950, DQ125008, DQ125074, DQ125160; Guatteria glabrescens R.E. Fr., 
Brazil, Maas, P.J.M. & al. 8816 (U), AY740975, AY741024, AY740926, DQ125161; Guatteria gracilipes R.E. Fr., Brazil, Krukoff, 
B.A. 1156 (S!), DQ124951, DQ125009, DQ125075, DQ125162; Guatteria guianensis (Aubl.) R.E. Fr., Brazil, Webber, A.C. & al. 
1884 (U), AY740976, AY741025, AY740927, DQ125163; Guatteria heterotricha R.E. Fr., Colombia, Monsalve B., M. 1262 (U), 
AY740977, AY741026, AY740928, DQ125164; Guatteria cf. hilariana Schltdl., Brazil, Gottsberger, G.K. & Gottsberger I. 21-
9274A (U), DQ124952, DQ125010, DQ125076, DQ125165; Guatteria hilariana Schltdl. var. verruculosa R.E. Fr., Brazil, Mosén, 
H. 3337 (S!), DQ861806, DQ861858, DQ861710, DQ861756; Guatteria aff. hyposericea Diels, Bolivia, Chatrou, L.W. & al. 375 
(U), AY740978, AY741027, AY740929, DQ125166; Guatteria inuncta R.E. Fr., Costa Rica, Liesner, R.L. 14631 (U), AY740979, 
AY741028, AY740930, DQ125167; Guatteria inundata Mart., Peru, Chatrou, L.W. & al. 191 (U), AY740980, AY741029, AY740931, 
DQ125168; Guatteria jefensis Barringer #1, Panama, Valdespino, I.A. 685 (U), AY740981, AY741030, AY740932, DQ125169; 
Guatteria jefensis Barringer #2, Panama, Maas, P.J.M. & al. 9553 (U), DQ861805, DQ861857, DQ861709, DQ861755; Guatteria 
juruensis Diels, Peru, Asplund, E. 14440 (U), DQ861804, DQ861856, DQ861708, – ; Guatteria cf. lasiocalyx R.E. Fr. #1, Brazil, 
Maas, P.J.M. & al. 9000 (U), DQ124969, DQ125027, DQ125093, DQ125202; Guatteria cf. lasiocalyx R.E. Fr. #2, Bolivia, Kruk-
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off, B.A. 11086 (U), DQ124945, DQ125003, DQ125069, DQ125147; Guatteria latifolia (Mart.) R.E. Fr., Brazil, Lobão, A.Q. 544 
(U), AY740982, AY741031, AY740933, DQ125170; Guatteria latisepala R.E. Fr., Colombia, Sánchez, D. & al. 404 (U), DQ124953, 
DQ125011, DQ125077, DQ125171; Guatteria lehmannii R.E. Fr., Colombia, Cuatrecasas, J. 22297 (S!), DQ861807, DQ861859, 
DQ861711, DQ861757; Guatteria liesneri Johnson & Murray #1, Brazil, Cid F., C.A. 8403 (U), AY740983, AY741032, AY740934, 
DQ125172; Guatteria liesneri Johnson & Murray #2, Venezuela, Kral, R. 71950 (U), DQ861808, DQ861860, – , – ; Guatteria 
macropus Mart., Brazil, Pirani, J.R. 2725 (U), AY740984, AY741033, AY740935, DQ125174; Guatteria maypurensis Kunth, 
Guyana, Jansen-Jacobs, M.J. & al. 5416 (U), AY740985, AY741034, AY740936, DQ125175; Guatteria megalophylla Diels, Peru, 
Chatrou, L.W. & al. 216 (U), AY740986, AY741035, AY740937, DQ125176; Guatteria cf. meliodora R.E. Fr., Brazil, Maas, P.J.M. 
& al. 9231 (U), DQ124955, DQ125013, DQ125079, DQ125177; Guatteria mexiae R.E. Fr., Brazil, Mori, S.A. & al. 9722 (U), 
DQ124956, DQ125014, DQ125080, DQ125178; Guatteria modesta Diels, Colombia, Dulmen, A. van & al. 183 (U), DQ124957, 
DQ125015, DQ125081, DQ125179; Guatteria moralesii (M. Gómez) Urb., Cuba, Wright, C. 1851 (S!), DQ861809, DQ861861, 
DQ861712, DQ861758; Guatteria multivenia Diels, Ecuador, Maas, P.J.M. 8611 (U), AY740987, AY741036, AY740938, DQ125180; 
Guatteria neglecta R.E. Fr., Brazil, Gottsberger, G.K. 11-12268A (U), DQ861810, DQ861862, DQ861713, DQ861759; Guatteria 
notabilis Mello-Silva & Pirani #1, Brazil, Lobão, A.Q. 623 (U), DQ124958, DQ125016, DQ125082, DQ125181; Guatteria notabi-
lis Mello-Silva & Pirani #2, Brazil, Irwin, H.S. & al. 27980 (U), DQ861811, DQ861863, DQ861714, DQ861760; Guatteria oligocarpa 
Mart., Brazil, Maas, P.J.M. 7006 (U), AY740988, AY741037, AY740939, DQ125182; Guatteria olivacea R.E. Fr., Peru, Chatrou, 
L.W. & al. 209 (U), AY740989, AY741038, AY740940, DQ125183; Guatteria oliviformis Donn.Smith, Costa Rica, Chatrou, L.W. 
& al. 80 (U), AY740990, AY741039, AY740941, DQ125184; Guatteria ouregou (Aubl.) Dunal, French Guiana, Scharf, U. 85 (U), 
AY740991, AY741040, AY740942, DQ125185; Guatteria ovalifolia R.E. Fr., Guyana, Scharf, U. 34 (U), DQ861812, DQ861864, 
DQ861715, DQ861761; Guatteria pacifica R.E. Fr. #1, Colombia, Gentry, A.H. & Faber-Langendoen, D. 62881 (U), DQ124959, 
DQ125017, DQ125083, DQ125186; Guatteria pacifica R.E. Fr. #2, Colombia, Cuatrecasas, J. 17150 (S!), DQ124960, DQ125018, 
DQ125084, DQ125187; Guatteria paraensis R.E. Fr., Brazil, Fróes, R. 1753 (U), DQ124961, DQ125019, DQ125085, DQ125188; 
Guatteria parvifolia R.E. Fr. #1, Brazil, Gottsberger, G.K. 573007 (U), AY740992, AY741041, AY740943, DQ125189; Guatteria 
parvifolia R.E. Fr. #2, Brazil, Hoehne, F.C. SP28405 (S!), – , DQ861865, DQ861716, DQ861762; Guatteria pilosula Planch. & 
Linden ex Triana & Planch., Venezuela, Stergios, B. & al. 20975 (U), DQ861813, DQ861866, DQ861717, DQ861763; Guatteria 
pittieri R.E. Fr., Colombia, Werff, H. van der 9767 (U), AY740993, AY741042, AY740944, DQ125190; Guatteria poeppigiana 
Mart., Brazil, Prance, G.T. & Pennington, T.D. 1775 (U), DQ124962, DQ125020, DQ125086, DQ125191; Guatteria pogonopus 
Mart., Brazil, Kollmann, L. & al. 202 (U), DQ124963, DQ125021, DQ125087, DQ125192; Guatteria pohliana Schltdl., Brazil, 
Anderson, W.R. & al. 35703 (U), DQ124964, DQ125022, DQ125088, DQ125193; Guatteria polyantha R.E. Fr., Brazil, Costa, 
R.C.M. 284 (S!), DQ124965, DQ125023, DQ125089, DQ125194; Guatteria polycarpa R.E. Fr., Brazil, Dusén, P. 7414 (S!), DQ124966, 
DQ125024, DQ125090, DQ125195; Guatteria pubens (Mart.) R.E. Fr., Brazil, Spada, J. 198 (U), DQ124967, DQ125025, DQ125091, 
DQ125196; Guatteria pudica N. Zamora & Maas, Costa Rica, Chatrou, L.W. & al. 107 (U), AY740994, AY741043, AY740945, 
DQ125197; Guatteria punctata (Aubl.) R.A. Howard, French Guiana, Molino, J.F. 1593 (U), AY740995, AY741044, AY740946, 
DQ125198; Guatteria puncticulata R.E. Fr., Peru, Chatrou, L.W. & al. 172 (U), AY740996, AY741045, AY740947, DQ125199; 
Guatteria recurvisepala R.E. Fr., Costa Rica, Chatrou, L.W. & al. 61 (U), AY740997, AY741046, AY740948, DQ125200; Guat-
teria reflexa R.E. Fr., Brazil, Glaziou, A.F.M. 5725 (S!), DQ124968, DQ125026, DQ125092, DQ125201; Guatteria rigida R.E. Fr., 
Brazil, Irwin, H.S. & al. 6670 (U), DQ861814, DQ861867, DQ861718, – ; Guatteria rigidipes R.E. Fr., Costa Rica, Skutch, A.F. 
2553 (S!), DQ124970, DQ125028, DQ125094, DQ125203; Guatteria riparia R.E. Fr., Venezuela, Maguire, B. & Wurdack, J.J. 
34835 (K), DQ861815, DQ861868, DQ861719, DQ861764; Guatteria rostrata Erkens & Maas, Costa Rica, Chatrou, L.W. & al. 
118 (U), DQ124980, DQ125038, DQ125104, DQ125220; Guatteria rotundata Maas & Setten, Panama, Mori, S.A. 5531 (U), 
AY740998, AY741047, AY740949, DQ125204; Guatteria rupestris Mello-Silva & Pirani, Brazil, Cordeiro, I. & Simonis, E., CFCR 
4116 (U), AY740999, AY741048, AY740950, DQ125205; Guatteria sabuletorum R.E. Fr., Brazil, Ducke, A. RB19617 (S!), DQ861817, 
DQ861870, DQ861721, DQ861766; Guatteria saffordiana Pitt., Venezuela, Hokche, O. & al. 825 (U), DQ861816, DQ861869, 
DQ861720, DQ861765; Guatteria scandens Ducke, Guyana, Jansen-Jacobs, M.J. & al. 5494 (U), DQ124971, DQ125029, DQ125095, 
DQ125207; Guatteria schlechtendaliana Mart., Brazil, Kollmann, L. & al. 871 (U), DQ124972, DQ125030, DQ125096, DQ125208; 
Guatteria schomburgkiana Mart. #1, Guyana, Scharf, U. 46 (U), DQ861818, DQ861871, DQ861722, – ; Guatteria schomburgki-
ana Mart. #2, Guyana, Scharf, U. 60 (U), AY741001, AY741050, AY740952, DQ125209; Guatteria schomburgkiana Mart. #3, 
Guyana, Scharf, U. 45 (U), DQ861819, DQ861872, DQ861723, DQ861767; Guatteria schunkevigoi D.R. Simpson, Peru, Schunke 
V., J. 3551 (S!), DQ124973, DQ125031, DQ125097, DQ125210; Guatteria scytophylla Diels, Brazil, Maas, P.J.M. & al. 6956 (U), 
AY741002, AY741051, AY740953, DQ125211; Guatteria aff. sellowiana Schltdl., Brazil, Lobão, A.Q. 557 (U), AY741003, AY741052, 
AY740954, DQ125212; Guatteria sessilicarpa Maas & Setten #1, Panama, McPherson, G. 12599 (U), AY741004, AY741053, 
AY740955, DQ125213; Guatteria sessilicarpa Maas & Setten #2, Panama, Maas, P.J.M. & al. 9554 (U), DQ124974, DQ125032, 
DQ125098, DQ125214; Guatteria sessilis R.E. Fr., Venezuela, Liesner, R. 8546 (U), DQ124975, DQ125033, DQ125099, DQ125215; 
Guatteria sordida R.E. Fr. var. lancifolia R.E. Fr., Brazil, Riedel, L. 1689 (S!), DQ861820, DQ861873, DQ861724, DQ861768; 
Guatteria sordida R.E. Fr. var. ovalis R.E. Fr., Brazil, Riedel, L. 1689 (S!), DQ124976, DQ125034, DQ125100, DQ125216; Guat-
teria sphaerantha R.E. Fr., Colombia, Faber-Langendoen, D. & Hurtado, J.A. 1556 (U), DQ124977, DQ125035, DQ125101, 
DQ125217; Guatteria stipitata R.E. Fr., Peru, Jaramillo, N. & Chamik, D. 820 (U), DQ124978, DQ125036, DQ125102, DQ125218; 
Guatteria subsessilis Mart., Bolivia, Maas, P.J.M. & al. 8684 (U), DQ124979, DQ125037, DQ125103, DQ125219; Guatteria ta-
lamancana Zamora & Maas, Panama, Maas, P.J.M. & al. 9516 (U), DQ861825, DQ861878, DQ861729, DQ861773; Guatteria 
tomentosa R.E. Fr. #1, Peru, Schunke V., J. 14061 (U), DQ124988, DQ125046, DQ125112, DQ125229; Guatteria tomentosa R.E. 
Fr. #2, Panama, Maas, P.J.M. & al. 9521 (U), DQ861826, DQ861879, DQ861730, DQ861774; Guatteria aff. tomentosa R.E. Fr., 
Panama, Maas, P.J.M. & al. 9528 (U), DQ861823, DQ861876, DQ861727, DQ861771; Guatteria tonduzii Diels, Costa Rica, Chat-
Appendix. Continued.
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rou, L.W. & al. 121 (U), AY741005, AY741054, AY740956, DQ125228; Guatteria trichoclonia Diels (= G. tomentosa R.E. Fr.), 
Bolivia, Buchtien, O. 698 (S!), DQ861827, DQ861880, DQ861731, DQ861775; Guatteria ucayaliana Hub., Peru, Asplund, E. 12930 
(U), DQ861828, DQ861881, DQ861732, DQ861776; Guatteria velezii R.E. Fr. (= G. maypurensis Kunth.), Venezuela, Velez, I. 2488 
(S!), DQ861829, DQ861882, DQ861733, DQ861777; Guatteria venezuelana R.E. Fr. #1, Venezuela, Wingfield, R. & van der Werff, 
H. 6688 (U), DQ124989, DQ125047, DQ125113, DQ125230; Guatteria venezuelana R.E. Fr. #2, Venezuela, Steyermark, J.A. 55097 
(S!), DQ861830, DQ861883, DQ861734, DQ861778; Guatteria venezuelana R.E. Fr. #3, Venezuela, Meier, G.W. s.n. (U), DQ861831, 
DQ861884, DQ861735, DQ861779; Guatteria verruculosa R.E. Fr., Colombia, Fosberg, F.R. 19126 (S!), DQ124990, DQ125048, 
DQ125114, DQ125231; Guatteria villosissima A. St.-Hil., Brazil, Lobão, A.Q. 630 (U), AY741006, AY741055, AY740957, DQ125232; 
Guatteria wachenheimii Benoist, Guyana, Scharf, U. 43 (U), DQ124991, DQ125049, DQ125115, DQ125233; Guatteria zamorae 
Erkens & Maas, Panama, Maas, P.J.M. & al. 9531 (U!), DQ861832, DQ861885, DQ861736, DQ861780; Guatteria sp. #1, Costa 
Rica, Chatrou, L.W. & al. 65 (U), DQ124947, DQ125005, DQ125071, DQ125151; Guatteria sp. #2, Costa Rica, Gómez, L.D. & al. 
23305 (U), DQ124954, DQ125012, DQ125078, DQ125173; Guatteria sp. #3, Peru, Chatrou, L.W. & al. 174 (U), DQ124981, 
DQ125039, DQ125105, DQ125221; Guatteria sp. #4, Peru, Chatrou, L.W. & al. 196 (U), DQ124982, DQ125040, DQ125106, 
DQ125222; Guatteria sp. #5 (Liana), Peru, Pirie, M.D. & al. 130 (U), DQ861821, DQ861874, DQ861725, DQ861769; Guatteria 
sp. #6, Brazil, Lobão, A.Q. & al. 565 (U), AY741000, AY741049, AY740951, DQ125206; Guatteria sp. #7, Guyana, Prévost M.-F. 
4247 (U), DQ124984, DQ125042, DQ125108, DQ125224; Guatteria sp. #8, Peru, Pirie, M.D. & al. 50 (U), DQ124985, DQ125043, 
DQ125109, DQ125225; Guatteria sp. #9, Peru, Pirie, M.D. & al. 143 (U), DQ124986, DQ125044, DQ125110, DQ125226; Guat-
teria sp. #10, Peru, Pirie, M.D. & al. 158 (U), DQ861822, DQ861875, DQ861726, DQ861770; Guatteria sp. #11, Bolivia, Chatrou, 
L.W. & al. 463 (U), DQ861824, DQ861877, DQ861728, DQ861772; Guatteriella tomentosa R.E. Fr., Brazil, Daly, D.C. & al. 4494 
(U), DQ861833, DQ861886, DQ861737, DQ861781; Guatteriopsis blepharophylla (Mart.) R.E. Fr. #1, French Guiana, Hahn, W.J. 
3656 (U), DQ861834, DQ861887, DQ861738, DQ861782; Guatteriopsis blepharophylla (Mart.) R.E. Fr. #2, Brazil, Prance, G.T. 
& al. 25063 (K), DQ861835, DQ861888, DQ861739, DQ861783; Guatteriopsis friesiana W.A. Rodrigues, Brazil, Dick, C. 79 (K), 
DQ861836, DQ861889, DQ861740, DQ861784; Guatteriopsis hispida R.E. Fr., Brazil, Miralha, J.M.S. & al. 295 (K), DQ861837, 
DQ861890, DQ861741, DQ861785; Guatteriopsis kuhlmannii R.E. Fr., Brazil, Pires, J.M. 50875 (U), DQ861838, DQ861891, 
DQ861742, DQ861786; Guatteriopsis ramiflora D.R. Simpson #1, Peru, Schunke V., J. 8073 (U), DQ124940, DQ124998, DQ125064, 
DQ125135; Guatteriopsis ramiflora D.R. Simpson #2, Peru, Pirie, M.D. & al. 23 (U), DQ861839, DQ861892, DQ861743, DQ861787; 
Heteropetalum spruceanum R.E. Fr. #1, Brazil, Stevenson, D.W. & al. 1115 (U), DQ861840, DQ861893, DQ861744, DQ861788; 
Heteropetalum spruceanum R.E. Fr. #2, Brazil, Kawasaki, M.L. 235 (K), DQ861841, DQ861894, DQ861745, DQ861789.
Appendix. Continued.
